Abstract: A material-specific dual-color common-path interferometric detection system for discriminating between nanoparticles in solution in real time is described. The detection technique is applicable to situations where both particle size and material are of interest.
Introduction
Growing use of technology, fabrication, and materials on the nanometer scale has lead to an explosion in both academic and commercial interest in the detection of particulate matter on the order of ∼100 nm. Optical detection methods have been shown to be both sensitive and versatile [1, 2] . Many common optical detection techniques use elastically scattered light [3, 4] . The scattered field of a spherical nanoparticle can be approximated by E s ∝ k 3 αE i where k is the wavevector, E i is the incident field and
is the polarizability of the nanoparticle. Eq. 1 illustrates that the scattered field depends on the particle size, S[R], through the radius of the particle R, and the material of the particle, M[ε p ], through its dielectric constant ε p and the surrounding environment ε m . Assuming the nanoparticles are immersed in a known environment, changes in scattering amplitude are driven by either a change in the particle size (S[R]) or material (M[ε p ]). To have the greatest versatility, optical detection using scattered fields should differentiate between these two effects. The objective of the detection scheme introduced here is to detect changes in both S[R] and M[ε p ] with high sensitivity and in real time [5] .
Experiment and Theory
The experimental configuration is shown in Fig. 1(a) . Particles are illuminated simultaneously with two wavelengths, λ 1 = 488 nm and λ 2 = 531 nm, through a 1.4 NA oil-immersion microscope objective. The objective focuses the laser into a 15 µm long nanofluidic channel with cross section 500 nm x 400 nm connecting two reservoirs. The particles are moved through the channel using electro-osmotic flow by applying a voltage across the channel reservoirs. The applied voltage is selected to give a transit time τ ≈ 1 ms. The objective collects the scattered light of the particle along with a reflected reference field from the interface in the nanofluidic channel. The wavelengths are separated by a dichroic beam splitter and recorded by a photodiode with a 10 kHz bandwidth. The intensity of the interferometric signal for each detector is
where E r is the reflected reference field, E s is the scattered field, γ is the visibility and ∆φ is the phase difference between the reference and scattered fields. All of the parameters are, in general, a function of wavelength. The reference field intensity contribution is eliminated by subtracting the intensity value when no particle is present. Additionally, each wavelength is normalized by the reference field to correct for variations in the incident beam power. After substituting for the scattered signal |E s | ≈ k 3 α|E i | and the reference signal |E r | ≈ r|E i | the normalized detector signal can be simplified to
where r is the reflection coefficient at the channel interface. The normalized signal has a scattering term which scales with particle size as R 6 (c.f. Eq. 1) and an interferometric term which scales as R 3 . Assuming the particles being detected are small, i.e. ∼100 nm in diameter, the scattered intensity is negligible and only the interferometric term is considered. 
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Results
Distinguishing between particle materials is accomplished by defining a composite signal constructed from the maximum values, see Fig. 1(b) , of a detected signal,
The subscripts refer to the wavelengths λ 1 and λ 2 used in the experiment. The value of Σ varies from -1 to 1 and is equivalent to the average slope of the material polarizability between λ 1 and λ 2 . Normalizing by the summed intensities eliminates the R 3 amplitude dependence, so only changes in scattering properties due to material (M[ε p ]) are present in Σ.
The experimental setup was tested using a mixture of 60 nm silver and 80 nm gold. Fig. 2(a) shows a scatter plot of the maximum intensity of λ 2 vs Σ for ∼1500 detection events. The vertical lines indicate one standard deviation in the I norm 2 distribution for each species in the mixture. The significant overlap demonstrates the difficulty in using a single wavelength to distinguish between particle size and material differences. The horizontal lines represent one standard deviation in Σ and show that the two species are easily separable. The distributions can be labeled with their respective materials when considering the shape of the theoretical polarizabilities [6] . Using Σ, computed by a dual-color common-path interferometer, it is now possible to identify nanoparticle materials in real time as shown in Fig. 2(b) . 
